Strains formerly identified as Streptococcus bovis were allotted to two groups by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of whole-cell proteins. Strains from humans with infections, mostly patients with endocarditis, and strains from pigeons with septicemia clustered with the recently described species Streptococcus gallolyticus. The original S. bovis type strain and strains exclusively from ruminants formed the second cluster. The findings indicate that S. gallolyticus is more likely to be involved in human and animal infections than S. bovis. Growth characteristics and several biochemical reactions were found to be useful in the differentiation of S. gallolyticus from S. bovis.
The taxonomy of organisms designated Streptococcus bovis has a very complex history. S. bovis and Streptococcus equinus are listed as separate species in Bergey's Manual of Systematic Bacteriology (10) but were reported to be subjective synonyms by Farrow et al. (8) . The conclusions of the latter study were primarily based on DNA-DNA hybridization values. The specific epithet S. equinus has priority over S. bovis but is rarely used in human clinical bacteriology. In veterinary medicine both names are in use.
Recently the situation has become more complex by the description of two novel species for strains originally identified as S. bovis: Streptococcus caprinus (2) and Streptococcus gallolyticus (13) . The epithet gallolyticus was derived from the ability of the strains to decarboxylate gallic acid. This characteristic and the tannase activities of the strains were characteristics of S. bovis-like strains originally detected in the feces of koalas. The epithet caprinus referred to animals that forage on the same types of foods. However, later work revealed the synonymy of these two species, but the specific epithet gallolyticus has nomenclatural priority (17) .
In order to differentiate correctly putative S. bovis strains from those of human and animal origins, we undertook a study of strains identified as S. bovis by conventional and commercially available miniaturized identification techniques. The study included strains from domestic animals and from humans, including clinical and nonclinical strains, field strains, and collection strains.
MATERIALS AND METHODS
Strains. Thirty-seven strains (Table 1) were investigated. Seven strains were isolated from human clinical samples, mainly from patients with endocarditis. Four strains were isolated from pigeons with septicemia. The exact origins of two collection strains, LMG 15051 (J. M. Sherman 38) and LMG 15052 (E. M. Barnes C101), were unknown. The remaining strains were cultured from the intestinal contents or from feces from the animal hosts listed in Table 1 .
Whole-cell protein analysis. Whole-cell protein analysis, preparation of cellular protein extracts, polyacrylamide gel electrophoresis, densitometric analysis, registration of protein profiles, normalization of the densitometric traces and interpolation of the protein profiles, grouping of strains by the Pearson product moment correlation coefficient, and unweighted pair group method using arithmetic averages (UPGMA) cluster analysis were performed as described before (16, 20) with the GelCompar 4.0 software package (Applied Maths, Kortrijk, Belgium) (21) .
Growth and biochemical activity. We studied growth in brain heart infusion (Biolife, Milano, Italy) and Columbia agar (LAB M, Bury, United Kingdom) with 5% bovine blood and on the following selective media: Slanetz and Bartley agar (Oxoid, Basingstoke, United Kingdom), Edwards agar (Oxoid) with 5% bovine blood, bile esculin agar (Difco, Detroit, Mich.), and Rogosa SL agar (Difco). We also tested for clotting in litmus milk (Oxoid). Tannase was detected as described by Osawa and Walsh (14) . Amylase activity was investigated by spot inoculating strains on Columbia agar without added blood. Reaction zones were recorded after we flooded the plates with Gram's iodine following overnight incubation. Motility in semisolid motility-indole-ornithine (MIO) medium (Gibco, Paisley, United Kingdom) was sought. We also tested for urease activity in 0.01 M sodium phosphate buffer containing 0.2% urea and 0.05% phenol red (pH 6.5). Other enzymatic and carbohydrate reactions were determined with a BBL CRYSTAL gram-positive identification kit (Becton Dickinson, Cockeysville, Md.) and with API 20 Strep, API 50CH, and Rapid ID32 Strep galleries (BioMérieux, La Balme les Grottes, France). The reaction mixtures for all tests except the galleries, urease test, and certain comparative growth tests were incubated in air with 5% CO 2 . Rogosa SL agar was incubated anaerobically in H 2 and CO 2 .
RESULTS
Whole-cell protein analysis. The strains were separated into two clusters ( Fig. 1 and 2 T (type strain of S. gallolyticus). The other strains were from human infections and from intestinal contents (two strains) or septicemia specimens (four strains) from pigeons.
Morphology and growth characteristics. All strains were gram-positive coccobacilli. The cells were smaller than those commonly seen with typical pyogenic streptococci and enterococci. All produced homogeneous growth after 1 day of incu-bation. Growth at 42°C was similar or slightly better than at 37°C and definitely better than at 30°C. No or very slight and delayed growth was seen at 25°C. Incubation in air supplemented with 5% CO 2 increased growth of all strains. The strains were not pigmented and not motile. Only two cluster II strains were alpha-hemolytic, while all strains of cluster I produced small zones of alpha-hemolysis without greening.
Resistance and growth on selective media. No growth occurred in 6.5% NaCl broth. All except one cluster II strain grew and caused blackening on esculin bile medium. All grew on Edwards medium and all lysed esculin in this medium. All cluster I strains produced browning and blackening on Edwards medium, while none of the cluster II strains caused similar discolorations. On Slanetz and Bartley agar, cluster I colonies tended to be whitish while cluster II strains were slightly pink. All cluster I strains except one produced extremely watery or mucoid colonies on Rogosa SL agar due to dextran formation from the sucrose present in this medium. Only one of the cluster II strains had watery colonies on Rogosa agar.
Biochemical activity. All strains were positive in the VogesProskauer reaction test and in tests for alanyl-phenylalanyl proline arylamidase, ␣-galactosidase, ␤-glucosidase, leucine aryl- Varied and differentiating reactions are listed in Table 2 .
DISCUSSION
The suitability of highly standardized one-dimensional whole-organism protein electrophoresis for the differentiation of streptococcal species has been demonstrated in several previous studies (18, 19, 20) . In the present study this technique allowed the subdivision of strains routinely identified as S. bovis into two distinct clusters. These clusters contain several strains which have been examined by DNA-DNA hybridization. Two cluster I strains, the S. bovis type strain and LMG 15055, have been shown by Osawa et al. (13) to be closely related and to belong to a DNA-DNA homology group which differs from that of S. gallolyticus. The same strains as well as another cluster I reference strain, LMG 15062, were studied by Farrow et al. (8) (2) . Two additional DNA-DNA homology group 2 strains also belonged to this cluster: LMG 15050 and LMG 15051. These results support the synonymy among S. gallolyticus, S. caprinus, and the strains in DNA-DNA homology group 2 of Farrow et al. (8) .
Data reported in the literature do not allow easy and reliable differentiation of S. gallolyticus from S. bovis by conventional and miniaturized methods. Farrow et al. (8) found only the test for acid production from mannitol to be a useful differentiating tool among a wide array of biochemical tests. Their DNA-DNA homology group 1 strains were mannitol negative as were similar strains studied by others (2, 13) and the strains of our cluster I (Table 2) . However, the differentiating value of this reaction is limited: results obtained in the present work as well as data reported in the literature (8, 13) demonstrate that not all S. gallolyticus strains produce acid from this carbohydrate. In the description of S. caprinus (2) several differentiating reactions that reflect the presence or absence of a trait have been tabulated, but these results are at variance with results obtained in other studies (8, 13) and in our work. The use of special laboratory-prepared media to detect tannase and gallate decarboxylase has been advocated as an additional possibility for differentiation (14, 15) ; the majority of the S. gallolyticus strains tested were positive in the first test and all were positive in the second test. Tests for certain more easily observable characteristics can be useful alternatives to these tests, Strains LMG 16802T, LMG 14620, and LMG 15477 were isolated from a feral goat, a pigeon septicemia specimen, and human endocarditis specimens, respectively. The molecular weight markers used (indicated in the top and bottom lanes) are (from left to right) as follows: lysozyme, 14,500; trypsin inhibitor, 20,100; trypsinogen, 24,000; carbonic anhydrase, 29,000; glyceraldehyde-3-phosphate dehydrogenase, 36,000; egg albumin, 45,000; and bovine albumin, 66,000. Table 2 ). An important aspect of our study concerns host specificity. All strains belonging to S. bovis (cluster I) were isolated from ruminants. The S. gallolyticus strains studied originated mostly from humans and pigeons, but others were from cattle, goats, and a koala. In the study of Osawa et al. (13) S. gallolyticus was identified from humans and a variety of domestic and wild animals while strains showing high DNA-DNA homology values with strain NCDO 597 (S. bovis LMG 8518 T in our study) were from cattle and horses.
The frequent association of S. gallolyticus with pathological conditions is noteworthy. All seven human lesion strains included in the study turned out to be S. gallolyticus. An earlier study (11) had already demonstrated the low DNA-DNA homology between the S. bovis type strain ATCC 33317 T (LMG 8518 T ) from cow dung and 10 strains from human infections which were designated at that time as S. bovis and S. bovis variants (7). This association of S. gallolyticus with lesion origin is also evident among the animal strains. Strains identified to date as S. bovis are frequent causes of septicemia and related conditions in pigeons (4, 6) and relatively rare causes of mastitis in cattle (12) . All pigeon lesion strains included in our study turned out to be S. gallolyticus (cluster II), and all of the four S. gallolyticus reference strains with known animal host sources in the study of Osawa et al. (13) originated from bovine mastitis specimens while none of their seven reference strains showing high DNA-DNA homology with strain NCDO 597 (cluster I, LMG 8518 T ) originated from lesions. The association of milk-coagulating and mannitol-positive S. bovis strains, presumably S. gallolyticus (Table 2) , with mastitis in cows has already been documented in the older literature (9) . However, the association of S. gallolyticus with pathogenicity is far from absolute, as has been demonstrated convincingly for pigeons. These bacteria are normal components of the intestinal floras of pigeons in many lofts, and certain serotypes are more virulent than others (5). It should be noted that one S. gallolyticus strain used in the present study had been isolated from bovine rumen and that one S. bovis strain was from a bovine mastitis specimen. The latter strain was of low pathogenicity in experimental infections (9) .
Certain unresolved taxonomical problems concerning S. bovis-and S. equinus-like strains remain to be elucidated. A human strain named MG Fras (3) remained unclassified in the DNA-DNA hybridization study of Osawa et al. (13) . This and certain other human clinical strains have been shown to belong to a DNA homology group (3) containing strains of biotype II1. These differed from strains which are presumably S. gallolyticus. Another problem concerns S. equinus. In an earlier DNA-DNA homology study (8) , certain strains identified as S. equinus, among which was the type strain, belonged to the same homology group as strains identified as S. bovis, which in our study were also identified as S. bovis (cluster I). S. alactolyticus, an apparently exclusively animal-associated species, is clearly a distinct taxon, although phylogenic affinity with the S. bovis-S. equinus group is evident (1). ACKNOWLEDGMENTS P.V. and K.K. are indebted to the Fund for Scientific ResearchFlanders (Brussels, Belgium) for research and personal grants, respectively, and for positions as postdoctoral fellows. M.V. was awarded a grant by the Flemish Institute for the Advancement of Research in Industry. Our research was also supported by the Prime Minister's Services-Federal Office for Scientific, Technical and Cultural Affairs, Brussels, Belgium.
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